REMARKS 

In view of the above amendments and the following remarks, reconsideration of the 
rejections and further examination are requested. 

Claims 1-19 were pending in this application. Claims 1 and 8 stand rejected, claims 2-7 
and 9-16 were indicated as containing allowable subject matter, and claims 17-19 were indicated 
as allowed. Claims 1 and 3-19 are amended herein, and claim 2 is cancelled without prejudice or 
disclaimer to the subject matter contained therein. Thus, claims 1 and 3-19 are currently pending 
in this application. No new matter has been added. 

The specification and abstract have been carefully reviewed and revised to make 
grammatical and idiomatic improvements thereto. A substitute specification and abstract 
including the revisions have been prepared and are submitted herewith. No new matter has been 
added. Also submitted herewith are marked-up copies of the substitute specification and abstract 
indicating the changes incorporated therein. 

The Applicants greatly appreciate the Examiner's indication that claims 17-19 are 
allowed, and that claims 2-7 and 9-16 contain allowable subject matter and would be allowable if 
rewritten in independent form including all the limitations of the base claims and intervening 
claims. In view of this indication, claim 1 has been amended to include the subject matter 
indicated as allowable from previously pending claim 2, and claim 2 has been cancelled. 

Claims 1 and 8 have been rejected under 35 U.S.C. § 102(b) as being anticipated by 
Nohara et al. (U.S. Patent Application Publication No. 2002/0023603) (hereinafter referred to as 
"Nohara"). 

Because claim 1 has been amended to include the allowable subject matter of previously 
pending claim 2, the Applicants respectfully submit that the 35 U.S.C. § 102(b) rejection of 
claims 1 and 8 has been rendered moot. 

In view of the foregoing amendments and remarks, all of the claims now active in this 
application are believed to be in condition for allowance. Reconsideration and favorable action 
are respectfully solicited. 
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Should the Examiner believe there are any remaining issues that must be resolved before 
this application can be passed to issue, it is respectfully requested that the Examiner contact the 
undersigned by telephone in order to resolve such issues. 



KM/MSH/km 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
May 16, 2008 



Respectfully submitted, 



Tetsuo MURAJI et al. 




Kevin McDermott 
Registration No. 48,1 13 
Attorney for Applicant 
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Version with Markings to 
1 Show Changes Made 

DESCRIPTION 
-VARIABLE VALVE OPERATING DEVICE FOR ENGINE 
TECHNICAL FIELD BACKGROUND OF THE INVENTION 
1 . Field of the Invention 

[0001] The present invention relates to a variable valve operating 
device for an engine to adjust an opening and closing timing and a valve 
lift amount of an intake valve and an exhaust valve provided in the engine^ 
and more . More particularly, the invention relates to an adjusting device of 
a valve lift and a valve timing of an engine in which a valve timing cannot 
be adjusted during a valve-opening period of the intake valve, the exhaust 
valve, and the like, and the valve timing can be adjusted during a valve- 
closing period thereof 

BACKGROUND ART 2. Description of the Related Art 
[0002] As a conventional configuration for opening and closing an 
intake valve and an exhaust valve provided in an engine, it is general to 
apply a rocking motion to a rocker arm by a cam provided on a rotatable 
cam shaft, and to push valve tappets of the intake valve and the exhaust 
valve by a tip end of the rocker arm, thereby opening and closing the intake 
valve and the exhaust valve. As a configuration for adjusting the valve lift 
and the valve timing corresponding to an output of the engine, a 
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configuration for adjusting a lever ratio by moving a fulcrum of the rocker 
arm is employed (For example, see Patent Document 1 : Japanese Patent 
Application Laid-Open No. S64-53009 and Patent Document 2: Japanese 
Patent Application Laid-Open No. H6-74011). 

[0003] According to the configuration for adjusting the valve lift and 
the valve timing in the Patent Documents 1 and 2, a rocker arm which is 
rocked by a cam of a cam shaft to open and close the intake valve and the 
exhaust valve, and a fulcrum of a rocking cam are moved to change and 
adjust the lever ratio. However, this is not a configuration in which the 
fulcrum is fixed when the intake valve and the exhaust valve are opened 
and the fulcrums can be moved when the valves are closed. 
[0004] When the intake valve and the exhaust valve are opened, it is 
necessary to fix the rocker arm and the fulcrum of the rocking cam so as 
not to move so that the intake valve and the exhaust valve can be opened in 
a stable state. To enhance the responding speeds of adjustments of the 
valve lift and the valve timing, it is desirable to adjust the movement of the 
fulcrum when the intake valve and the exhaust valve are closed. 
[0005] Hence, one approach is to configure a lock unit that locks the 
fulcrum of the rocking cam and the like so as not to move at the time of 
opening the valves using a retarder that uses a solenoid. However, it is 
necessary to demagnetize the retarder when the fulcrum is unlocked thus 
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requiring control thereof and time therefor, which becomes a problem in 
enhancing the responding speed. 

DISCLOSURE SUMMARY OF THE INVENTION 
[0006] The present invention has been achieved in view of the above 
problems. According to the present invention, there is provided a variable 
valve operating device for an engine to adjust a valve lift and a valve 
timing of the engine, including a rocking cam which is rocked by a cam 
provided on a rotatable cam shaft, a rocking cam support member that 
rockably supports the rocking cam, a valve which is opened and closed by 
a rocking motion of the rocking cam, a rocking position changing unit that 
moves the rocking cam support member to change a lever ratio of the 
rocking cam and that changes a rocking position of the rocking cam, and a 
lock unit that can fix the rocking cam support member so as not to move 
during a valve-opening period of the valve. 
[0007] In the variable valve operating device for the engine 
according to the invention, the lock unit includes a support base that 
movably supports the rocking cam support member, and a push-link which 
is rocked by an actuator and which pushes the rocking cam support 
member toward the support base when a tip end side of the push-link abuts 
against the rocking cam support member. 
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[0008] In the variable valve operating device for the engine of the 
invention, the lock unit includes a support base that movably supports the 
rocking cam support member, and a push-link which is rocked by a switch 
cam integrally formed on the rocking cam and which pushes the rocking 
cam support member toward the support base when a tip end side of the 
push-link abuts against the rocking cam support member. 
[0009] In the variable valve operating device for the engine of the 
invention, the tip end side abuts against the rocking cam support member in 
a state where the push-link is slightly inclined from a vertical state with 
respect to the rocking cam support member. 

[0010] In the variable valve operating device for the engine of the 
invention, the lock unit includes a lock cam which can turn in association 
with a valve opening turning motion of the rocking cam, in which the lock 
cam includes a stopper which is pushed against a fixed portion when the 
lock cam is turned by a predetermined amount. 

[001 1] In the variable valve operating device for the engine of the 
invention, the rocking position changing unit includes a turnable control 
shaft, and a push moving positioning member that pushes and moves the 
rocking cam support member to position it by turning the control shaft to 
change a rocking position of the rocking cam. 

[0012] In the variable valve operating device for the engine of the 
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invention, the push moving positioning member is turnably provided on the 
control shaft, and a biasing unit that holds the push moving positioning 
member at a predetermined position is provided between the control shaft 
and the push moving positioning member. 

[0013] In the variable valve operating device for the engine of the 
invention, an energy- storing mechanism that stores energy for moving the 
rocking cam support member is provided between the push moving 
positioning member and the rocking cam support member. 
[0014] In the variable valve operating device for the engine of the 
invention, a common control shaft is provided with the valves and push 
moving positioning members in equal numbers. 

[001 5] In the variable valve operating device for the engine of the 
invention, a turning unit that turns the control shaft includes a manual wire 
or an actuator. 

[0016] According to the present invention, there is also provided a 
variable valve operating device for an engine to adjust a valve lift and a 
valve timing of the engine , includin g . The operating device includes a 
rocking cam which is rocked by a cam provided on a rotatable cam shaft, a 
rocking cam support member that rockably supports the rocking cam, a 
valve which is opened and closed by a rocking motion of the rocking cam, 
a rocking position changing unit that moves the rocking cam support 
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member to change a rocking position of the rocking cam, and a lock unit 
that can fix the rocking cam support member so as not to move during a 
valve-opening period of the valve , wherein the ^Thg rocking cam support 
member is disposed between a movable element which is movably 
provided on the rocking position changing unit and a fixed portion fixed to 
the rocking position changing unit, and the rocking cam support member is 
provided between a restriction surface provided on the movable element 
and the fixed portion such that the rocking cam support member can be 
sandwiched and fixed therebetween. 

[001 7] In the variable valve operating device for the engine of the 
invention, the rocking cam support member is provided at its-both ends 
with rocking cams such that the rocking cams can rock, and a cross 
sectional shape of a central portion of the rocking cam support member 
includes a narrow portion which is narrower than a distance size between 
the restriction surface of the movable element and the fixed portion, and a 
wide portion which is slightly wider than the distance size. 
[001 8] In the variable valve operating device for the engine of the 
invention, the movable element includes a positioning portion which can 
abut against the rocking cam support member at a position away from the 
restriction surface. 

[0019] According to the present invention, the rocking cam support 
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member that supports the rocking cam that opens and closes the valve by 
being rocked by the cam provided on the cam shaft is fixed by the lock unit 
so as not to move during the valve-opening period (opening operation) of a 
valve such as an intake valve and an exhaust valve provided in an engine. 
When the valve is to be closed, the fixed state of the rocking cam support 
member by the lock unit is released, and the rocking cam support member 
can be moved and adjusted. 

[0020] Thus, the valve is precisely opened with a lever ratio of the 
rocking cam which is preset by the position of the rocking cam support 
member. The position of the rocking cam support member is adjusted 
when the valve is closed, and the opening and closing timing of the valve 
can be swiftly adjusted. 

[0021] According to the invention, since the lock unit can fix the 
rocking cam support member utilizing a wedge effect or a toggle link effect, 
it is possible to generate a great pushing force, and the rocking cam support 
member can be reliably fixed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0022] 

Fig. 1 is a conceptual and schematic explanatory diagram of a 
variable valve operating device according to a first embodiment of the 
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present invention. 

Fig. 2 is a conceptual and schematic explanatory diagram of the 
variable valve operating device according to the first embodiment of the 
invention. 

Figs. 3(A), (B), (C), and (D) are explanatory diagrams of 
configurations of various modifications of a lock unit. 

Fig. 4 is a conceptual and schematic explanatory diagram of a 
configuration according to a second embodiment. 

Fig. 5 is a conceptual and schematic explanatory diagram of the 
configuration according to the second embodiment. 

Fig. 6 is a conceptual and schematic explanatory diagram of a 
configuration according to a third embodiment. 

Fig. 7 is a cross section of relevant parts taken along line VII-VII in 

Fig. 6. 

Figs. 8(A), (B), and (C) are explanatory diagrams of operation of a 
lock apparatus according to the third embodiment. 

Fig. 9 is a conceptual and schematic explanatory diagram of a 
configuration according to a fourth embodiment. 

Figs. 10(A), (B), and (C) are explanatory diagrams of another 
embodiment of a rocking position changing unit. 

Figs. 11(A), (B), and (C) are explanatory diagrams of a modification 
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of the configuration shown in Fig. 10. 

Figs. 12(A) and (B) are explanatory diagrams of an energy-storing 
mechanism. 

Figs. 13(A), (B), and (C) are — .explanatory diagrams of a 
mechanism for turning a control shaft. 

Fig. 1 4 is a conceptual and schematic partial cross section of a 
movable valve operating device according to a fifth embodiment of the 
invention. 

Fig. 15 is an explanatory diagram of the relevant parts. 

REST MODE FOR CARRYING OUT DETAILED DESCRIPTION OF 
THE INVENTION 

[0023] Embodiments of the present invention are explained below 
with reference to the drawings. Since a configuration of an engine, a 
supporting configuration of a cam shaft, a configuration for rotating the 
cam shaft, and the like are already known, configurations of relevant parts 
of the present invention will be explained while showing them conceptually 
and schematically. 

[0024] As is well known, a cylinder head of an engine includes an 
intake hole and an exhaust port. The intake hole includes an intake valve 
for opening and closing the intake hole. An exhaust hole includes an 
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exhaust valve for opening and closing the exhaust hole. 
[0025] In this specification, the intake hole and the exhaust hole are 
collectively called an "intake and exhaust hole", and the intake valve and 
the exhaust valve are collectively called a "valve" or an "opening and 
closing valve". 

[0026] With reference to Figs. 1 and 2, a cylinder head 1 of an engine 
(not shown) includes an intake and exhaust hole 3, and the intake and 
exhaust hole 3 includes a valve ( an opening and closing valve) 5 that opens 
and closes the intake and exhaust hole 3. A stem 7 of the opening and 
closing valve (valve) 5 is vertically movably guided and supported by a 
stem guide 9 provided on the cylinder head 1 . The stem 7 includes a cup- 
like lifter 11 at an upper end thereof. 

[0027] A valve spring 17 is resiliently provided between a spring seat 
13 provided in the stem guide 9 and a spring seat 15 provided in the lifter 
1 1 . The opening and closing valve 5 is always biased by the valve spring 
17 upward, that is, in a direction in which the intake and exhaust hole 3 is 
closed. 

[0028] The opening and closing valve 5 and a configuration for 
vertically movably supporting the opening and closing valve 5 with respect 
to the cylinder head 1 may be a known valve and configuration, and thus 
detailed explanation of the opening and closing valve 5 and its supporting 



configuration will be omitted. 

[0029] The cylinder head 1 includes a rotatable cam shaft 19. The 
cam shaft 19 includes the same number of cams 21 as that of the opening 
and closing valves 5. The intake valve and the exhaust valve respectively 
have the cam shafts 19. 

[0030] Since a driving system for rotating the cam shaft 19 is known, 
detailed configuration, effect, and the like of the driving system for rotating 
the cam shaft 19 will be omitted. Further, since a relation between the 
intake valve and the cam shaft corresponding to the intake valve, and a 
relation between the exhaust valve and the cam shaft corresponding to the 
exhaust valve are substantially the same, one of the relations will be shown 
conceptually and schematically for the explanation thereof. 
[003 1 ] An adjusting mechanism is provided between the cam shaft 19 
and the opening and closing valve 5 for adjusting a valve lift and a valve 
timing (timing of opening and closing motion) of the opening and closing 
valve 5. The cylinder head 1 includes a support base 23 at one portion 
thereof. A rocking cam support member 25 is supported by the support 
base 23 while being able to approach to and move away from the cam shaft 
19. A rocking cam 27 which is rocked by the cam 21 is rockably supported 
by a tip end of the rocking cam support member 25. 
[0032] More specifically, the rocking cam support member 25 is 
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provided at a position lower than a center position of the cam shaft 19 in a 
direction (horizontal direction) perpendicular to a direction of the opening 
and closing motion of the opening and closing valve 5 (vertical direction in 
Fig. 1) such that the rocking cam support member 25 can approach to and 
move away from the cam shaft 19. The rocking cam support member 25 
includes a horizontal support shaft 29 at its tip end in a direction 
perpendicular to a moving direction of the rocking cam support member 25. 
The rocking cam 27 is rockably (turnably) supported by the support shaft 
29. 

[0033] That is, the center position of the support shaft 29 is adjusted 
in a direction in which the support shaft 29 approaches to and moves away 
from the cam shaft 19 at a height position between an axis of the cam shaft 
19 and an upper surface of the lifter 1 1 . 

* 

[0034] The rocking cam 27 has a cam contact surface 3 1 which is 
always in contact with (abutment against) the cam 21, and a lifter contact 
surface 33 which is always in contact with (abutment against) the upper 
surface of the lifter 1 1 . The rocking cam 27 is formed into a substantially 
bellcrank shape as a whole. The cam contact surface 3 1 and the lifter 
contact surface 33 are formed into desired cam surfaces. 
[0035] With the above configuration, if the cam contact surface 31 of 
the rocking cam 27 is pushed by the cam 2 1 by the rotation of the cam shaft 



19 and the rocking cam 27 is turned (rocked) in a clockwise direction in 
Fig. 1, the lifter contact surface 33 pushes the lifter 1 1 downward against 
the biasing force of the valve spring 17. Therefore, the opening and closing 
valve 5 is opened as shown in Fig. 2. If the cam shaft 19 is further turned 
into the same direction, the opening and closing valve 5 is closed by the 
effect of the valve spring 17 as shown in Fig. 1. That is, the opening and 
closing valve 5 is opened and closed by the rotation of the cam shaft 19. 
[0036] If the rocking cam support member 25 is moved in a lateral 
direction in Fig. 1 , the support shaft 29 moves in a direction approaching to 
or moving away from the cam shaft 19, the lever ratio of the rocking cam 
27 is adjusted, and the lift amount and valve timing of the opening and 
closing valve 5 can be adjusted. That is, if the rocking cam support 
member 25 is moved leftward in Fig. 1, the lift amount of the opening and 
closing valve can be increased, and if the rocking cam support member 25 
is moved rightward, and the lift amount of the opening and closing valve 5 
can be reduced. 

[0037] The variable valve operating device has a rocking position 
changing unit 35 that moves and positions the rocking cam support member 
25 in the lateral direction in Fig. 1 and changes a rocking position of the 
rocking cam 27, that is, a position of the support shaft 29. The rocking 
position changing unit 35 is an actuator such as a linear motor and a 
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servomotor, and is connected to the rocking cam support member 25. 
[0038] Therefore, the rocking cam support member 25 can be moved 
in the lateral direction in Fig. 1 and positioned by the rocking position 
changing unit 35. The position of the support shaft 29 is changed by 
driving the rocking position changing unit 35 when the opening and closing 
valve 5 is closed (closed state). 

[0039] When the rocking cam 27 is rocked by the cam 21 to open or 
close the opening and closing valve 5 as described above, there is a 
tendency that the rocking cam support member 25 is pushed rightward in 
Fig. 1 . At that time, it is necessary to precisely hold the turning center 
position of the rocking cam 27 at a positioned location. 
[0040] The variable valve operating device includes a lock unit 37 
that can fix the rocking cam support member 25 so as not to move after the 
rocking cam support member 25 and the support shaft 29 are moved and 
positioned by the rocking position changing unit 35. The lock unit 37 is 
operated during a valve-opening period (opening state) of the opening and 
closing valve 5, and fixes the rocking cam support member 25 so as not to 
move. 

[0041] More precisely, it is preferable that the lock unit 37 is operated 
during a period from immediately before the opening and closing valve 5 is 
opened until the opening and closing valve 5 is closed. 
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[0042] The lock unit 37 includes an appropriate locking actuator 
(external force applying unit) 39 such as a rotary solenoid mounted on an 
appropriate position of the cylinder head 1. The locking actuator 39 turns a 
turning shaft 41 . A base end of a push-link 43 for pushing the rocking cam 
support member 25 against the support base 23 and fixing the rocking cam 
support member 25 is fixed to the turning shaft 41 . A push-pad 45 is 
pivotally mounted on a tip end of the push-link 43 through a pivot 47. The 
push-pad 45 abuts against the rocking cam support member 25 to push the 
rocking cam support member 25 toward the support base 23. 
[0043] The length of the push-link 43 is set such that when the push- 
pad 45 pushes the rocking cam support member 25 against the support base 
23 and fixes the rocking cam support member 25, the tip end of the push- 
link 43 is slightly inclined with respect to a vertical line such that the tip 
end of the push-link 43 is positioned on the side of the cam shaft 19. 
[0044] With the above configuration, if the locking actuator 39 as one 
example of an external force applying unit is operated to turn the push-link 
43 in a counterclockwise direction, the push-pad 45 abuts against an upper 
surface of the rocking cam support member 25 and pushes the rocking cam 
support member 25 toward the support base 23 and fixes the rocking cam 
support member 25 (see Fig. 2). That is, an external force is applied to the 
rocking cam support member 25 to fix the rocking cam support member 25. 



[0045] When the rocking cam 27 is pushed and turned by the cam 21, 
if there is a tendency that the rocking cam support member 25 is moved 
rightward in Fig. 2, there is a tendency that the push-pad 45 moves 
integrally with the rocking cam support member 25 and the push-link 43 is 
oriented more vertically, thereby generating a wedge effect or a toggle link 
effect. Therefore, the force of the push-pad 45 pushing the rocking cam 
support member 25 against the support base 23 is increased, and the 
rocking cam support member 25 can be fixed more reliably so as not to 
move. 

[0046] If the push-link 43 is then slightly turned in the clockwise 
direction by the operation of the locking actuator 39, the pushed and fixed 
state by the push-pad 45 is released (see Fig. 1), the rocking cam support 
member 25 can be moved in the lateral direction in Fig. 1 and positioned, 
and the rocking cam support member 25 can be moved and positioned by 
the rocking position changing unit 35. 

[0047] It is necessary to know the open and close state of the opening 
and closing valve 5 to control the operations of the rocking position 
changing unit 35 and the locking actuator 39. Hence, the cam shaft 19 
includes a rotation position detector (not shown) such as a rotary encoder 
that detects a rotation position of the cam shaft 19 from a reference position 
(original position) and also includes an appropriate position detector (not 
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shown) such as a linear position sensor that detects a moving position of 
the rocking cam support member 25 to detect a moving position of the 
support shaft 29 with respect to the reference position. The variable valve 
operating device further includes a calculator (not shown) that calculates a 
lift amount of the opening and closing valve 5 based on a detection value of 
the rotation position detector, a detection value of the position detector, and 
shapes of the cam contact surface 3 1 and the lifter contact surface 33 of the 
rocking cam 27. 

[0048] Therefore, by detecting the rotation position of the cam shaft 
19 and the position of the support shaft 29, it is possible to know the state 
of the opening and closing motion of the opening and closing valve 5 r aad 1 
Moreover, it is possible to fix the rocking cam support member 25 by the 
lock unit 37 so as not to move at the time of the opening operation of the 
opening and closing valve 5, to release the fixed state by the lock unit 37 at 
the time of the closing operation of the opening and closing valve 5, and to 
move and position the support shaft 29 under the operation of the rocking 
position changing unit 35. 

[0049] As can be understood already, with the above configuration, it 
is possible to firmly mechanically fix the rocking cam support member 25, 
and to miniaturize the locking actuator 39. Since the rocking cam support 
member 25 can be fixed firmly, it is possible to precisely hold the position 
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of the positioned support shaft 29 at a set position, and an accurate control 
can be performed while the lift amount of the opening and closing valve 5 
is stable. 

[0050] Since the push-pad 45 can be slightly lifted and separated from 
the upper surface of the rocking cam support member 25, the influence of 
viscosity resistance when the rocking cam support member 25 is moved 
can be reduced, and the rocking cam support member 25 can be moved 
more swiftly. 

[005 1] Figs. 3(A), (B), (C) and (D) show various modifications of the 
lock unit 37. Like reference signs denote constituent elements having the 
same functions as those of the above embodiment, and redundant 
explanation will be omitted. 

[0052] Fig. 3(A) shows an embodiment in which a parallel link 43A 
which is in parallel to the push-link 43 is provided and the push-pad 45 is 
supported by a parallel link mechanism. According to this embodiment, the 
same effect as that of the above embodiment can be obtained, and since the 
push-pad 45 is vertically moved while always maintaining the horizontal 
state, the posture of the push-pad 45 is stabilized. 
[0053] Fig. 3(B) shows an embodiment in which the variable valve 
operating device includes a biasing unit 49 such as a torsion spring, and 
the push-link 43 is biased such that the push-pad 45 is separated from the 



rocking cam support member 25. According to this embodiment, since a 
state where the push-pad 45 is separated from the rocking cam support 
member 25 can be held by the effect of the biasing unit 49 at the time of 
unlocking, the power consumption of the locking actuator 39 can be 
reduced. 

[0054] Fig. 3(C) shows an embodiment in which the locking actuator 
is a linear motion type locking actuator 51, the push-link 43 can freely turn 
around a pivot 53, and a long hole formed in an upper end of the push-link 
43 and a tip end of an operation rod 5 1 R which is provided in the locking 
actuator 5 1 such as to be able to reciprocate pivotally are connected to each 
other. With this configuration, an arm length ratio L2/L1 of the push-link 
43 can be optimized according to a generated load, a responding speed, and 
the like of the locking actuator 5 1 . 

[0055] Fig. 3(D) shows an embodiment in which the push-pad 45 is 
omitted, a tip end of the push-link 43 is appropriately formed into a cam 
surface, and the cam surface comes into direct contact with an upper 
surface of the rocking cam support member 25. With this configuration, 
the configuration can be simplified. 

[0056] Figs. 4 and 5 show a second embodiment of the present 
invention. Like reference signs denote constituent elements having the 
same functions as those of the above embodiment, and redundant 
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explanation will be omitted. 

[0057] In the second embodiment, the rocking cam 27 is integrally 
provided with a switch cam 55, a bellcrank-shaped rocker arm 57 is 
integrally provided with the push-link 43, and the rocker arm 57 is 
supported through a pivot 61 by a bracket 59 provided on a portion of the 
cylinder head such that the rocker arm 57 can rock. A biasing unit 63 such 
as a torsion spring is provided on a portion of the pivot 61, and the rocker 
arm 57 is always biased in the counterclockwise direction in Figs. 4 and 5. 
[0058] Therefore, the rocker arm 57 is supported substantially 
horizontally, and the rocker arm 57 is always in slide contact with a cam 
surface of the switch cam 55. The switch cam 55 controls the rocking 
motion of the rocker arm 57, and fixes the rocking cam support member 25 
by the push-pad 45 and releases the fixed state. 
[0059] That is, as shown in Fig. 5, when the opening and closing 
valve 5 is in a closing operation state, the rocker arm 57 is turned in the 
counterclockwise direction against the biasing force of the biasing unit 63, 
and a first cam surface 55A which holds the push-pad 45 in a state slightly 
lifted from the rocking cam support member 25 (unlocked state) is formed 
on the switch cam 55. When the opening and closing valve 5 is in an 
opening operation state, a second cam surface 55B which holds the push- 
pad 45 in a locked state where the push-pad 45 pushes and fixes the 



rocking cam support member 25 by the biasing force of the biasing unit is 
formed on the switch cam 55. 

[0060] The first cam surface 55A of the switch cam 55 corresponds to 
the rocker arm 57 when the opening and closing valve 5 is in the closing 
operation state. The first cam surface 55 A is formed into an arc having a 
constant radius from an axis of the support shaft 29. When the opening and 
closing valve 5 is in the opening operation state, the second cam surface 
55B corresponds to the rocker arm 57. The second cam surface 55B is 
formed into a curved surface whose radius of curvature is gradually 
reduced as the opening and closing valve 5 is separated from an end of the 
first cam surface 5 5 A. 

[0061] With the above configuration, if the rocking cam 27 is turned 
(rocked) around the support shaft 29 by the cam 2 1 by the rotation of the 
cam shaft 19, the lifter 1 1 is vertically moved to open and close the opening 
and closing valve 5 as described above. If the opening and closing valve 5 
is brought into the closing operation state, the first cam surface 55A of the 
switch cam 55 which is integrally turned together with the rocking cam 27 
corresponds to the rocker arm 57, and the pushed and fixed state of the 
rocking cam support member 25 by the push-pad 45 is released as shown in 
Fig. 5. When the opening and closing valve 5 is brought into the opening 
operation state and the second cam surface 55B of the switch cam 55 
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corresponds to the rocker arm 57, the rocker arm 57 is slightly turned in the 
counterclockwise direction from the state shown in Fig. 5, and the rocking 
cam support member 25 is pushed and fixed by the push-pad 45 as shown 
in Fig. 4. 

[0062] As can be understood from the above explanation, in the 
second embodiment, the locking actuator 39 is omitted, and the rocking 
cam support member 25 is fixed and its fixed state is released mechanically 
in association with the turning motion of the rocking cam 27. According to 
the second embodiment, the same effect as that of the first embodiment can 
be obtained, and since the locking actuator can be omitted, the 
configuration can be simplified. 

[0063] Figs. 6 and 7 show a third embodiment of the present 
invention. Like reference signs denote constituent elements having the 
same functions as those of the above embodiments, and redundant 
explanation will be omitted. 

[0064] In the third embodiment, a resilient member 65 such as a 
spring is resiliently provided between the rocking cam support member 25 
and the rocking cam 27, the rocking cam 27 is biased in the 
counterclockwise direction in Fig. 7, and a lock cam 67 is turnably 
mounted on the support shaft 29. 

[0065] The lock cam 67 is disposed between upper and lower fixing 
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wall portions 1U and 1L formed on the cylinder head 1. A stopper 69 
projects from the lock cam 67. A tip end of the stopper 69 which is formed 
into an appropriate cam surface can be abutted against and fixed to an 
upper surface of the lower fixing wall portion 1L. A resilient member 71 
such as a torsion spring which biases the lock cam 67 in the clockwise 
direction in Fig. 7 is provided between the rocking cam support member 25 
and the lock cam 67. 

[0066] The rocking cam 27 includes a restriction pin 73 which abuts 
against the stopper 69 of the lock cam 67 to restrict the turning motion of 
the lock cam 67 in the clockwise direction in a normal state. A biasing 
force of the resilient member 65 that biases the rocking cam 27 in the 
counterclockwise direction in Fig. 7 is set stronger than a biasing force of 
the resilient member 71 that biases the lock cam 67 in the clockwise 
direction. 

[0067] Therefore, in a state in which the cam 21 (not shown in Figs. 8 
(A), (B) and (C)) of the cam shaft 1 9 does not push the cam contact surface 
3 1 of the rocking cam 27, that is, in the closing state of the opening and 
closing valve 5, the rocking cam 27 is turned in the counterclockwise 
direction by the effect of the resilient member 65 as shown in Fig. 8(A), 
and the lock cam 67 is turned in the counterclockwise direction against the 
biasing force of the resilient member 71 through the restriction pin 73 of 



the rocking cam 27. That is, the stopper 69 of the lock cam 67 is separated 
from the upper surface of the lower fixing wall portion 1L, and the rocking 
cam support member 25 can freely move in the lateral direction in Fig. 
8(A). 

[0068] If the cam shaft 19 is rotated, the cam 21 pushes the cam 
contact surface 3 1 of the rocking cam 27, the rocking cam 27 is turned in 
the clockwise direction against the biasing force of the resilient member 65, 
and the opening and closing valve 5 starts opening. The restriction pin 73 
is then separated from the stopper 69 of the lock cam 67, the lock cam 67 is 
turned in the clockwise direction by the biasing force of the resilient 
member 71, and the tip end of the stopper 69 of the lock cam 67 abuts 
against the upper surface of the lower fixing wall portion 1L (see Fig. 8(B)). 
[0069] Therefore, the lock cam 67 is sandwiched between the upper 
and lower fixing wall portions 1U and 1L and the lock cam 67 is fixed so as 
not to move. That is, the rocking cam support member 25 and the support 
shaft 29 are fixed so as not to move in the same manner as that of the above 
embodiments. 

[0070] When the rocking cam 27 is further turned in the clockwise 
direction by the cam 21, the restriction pin 73 is largely separated from the 
stopper 69 of the lock cam 67 (see Fig. 8(C)), and the fixed states of the 
rocking cam support member 25 and the support shaft 29 are maintained. 



[0071] If the cam shaft 19 is further rotated and the pushed state of 
the rocking cam 27 by the cam 21 is released, the rocking cam 27 is turned 
in the counterclockwise direction by the effect of energy-storing force of 
the resilient member 65 and is returned to the state shown in Fig. 8(A). 
[0072] That is, in the third embodiment, the lock cam 67 is turned in 
association with the turning motion of the rocking cam 27, and when the 
opening and closing valve 5 is to be opened, the rocking cam support 
member 25 and the support shaft 29 are fixed so as not to move. When the 
opening and closing valve 5 is to be closed, the fixed state is released, the 
rocking cam support member 25 and the support shaft 29 become movable, 
and the same effect as the above embodiments can be obtained. 
[0073] Fig. 9 shows a fourth embodiment of the present invention. 
Like reference signs denote constituent elements having the same functions 
as those of the above embodiments, and redundant explanation will be 
omitted. 

[0074] The fourth embodiment is another embodiment of the rocking 
position changing unit 35. In the first embodiment, a resilient member 75 
such as a spring that biases the rocking cam support member 25 in a 
direction separating from the cam shaft 19 (right direction in Fig. 9) is 
provided between a portion of the rocking cam support member 25 and a 
portion of the cylinder head 1. The fourth embodiment also has a rotatable 
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control shaft 77 and a cam-shaped push moving positioning member 79 
that can push the rocking cam support member 25 by a turning motion of 
the control shaft 77 as a rocking position changing unit that moves and 
positions the rocking cam support member 25. 

[0075] The turning motion of the control shaft 77 is controlled by an 
actuator (not shown) such as a servomotor, and the control shaft 77 is 
positioned to a desired turning angle. The push moving positioning 
member 79 includes a cam in which a pushing surface 79A for pushing a 
base end of the rocking cam support member 25 is formed into an 
appropriate cam surface, and the push moving positioning member 79 is 
integrally fixed to the control shaft 77. 

[0076] With this configuration, when the fixed state of the rocking 
cam support member 25 by the push-pad 45 is released, if the control shaft 
77 is turned in the counterclockwise direction in Fig. 9, the rocking cam 
support member 25 is moved leftward against the biasing force of the 
resilient member 75 by the pushing surface 79A of the push moving 
positioning member 79, that is, the rocking cam support member 25 is 
moved toward the cam shaft 1 9. 

[0077] If the control shaft 77 is turned in the clockwise direction in 
Fig. 9 on the contrary, since the push moving positioning member 79 is 
separated from the rocking cam support member 25, the rocking cam 



support member 25 is moved rightward in Fig. 9 by the biasing force of the 
resilient member 75, and a movement stop position to the right direction is 
restricted by the push moving positioning member 79. 
[0078] Therefore, the rocking cam support member 25 and the 
support shaft 29 can be laterally positioned by controlling the rotation of 
the control shaft 77, and the lift amount and the valve timing of the opening 
and closing valve 5 can be adjusted. 

[0079] Figs. 10(A), (B) and (C) show another embodiment of the 
rocking position changing unit 35 that moves and positions the rocking cam 
support member 25. The control shaft 77 is turnably provided with the 
push moving positioning member 79. A stopper arm 83 including, at its tip 
end, a stopper 83 A which can abut against a stopper 81 provided on the 
push moving positioning member 79, is integrally mounted on the control 
shaft 77. 

[0080] A resilient member 85 such as a torsion spring and the like is 
mounted on the control shaft 77. The resilient member 85 turns the push 
moving positioning member 79 relative to the control shaft 77 and biases 
both the stoppers 81 and 83 A such that they abut against each other. The 
resilient member 85 biases the push moving positioning member 79 such 
that the push moving positioning member 79 turns in the counterclockwise 
direction in Figs. 10(A) and (B) relative to the control shaft 77. 
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[0081] With this configuration, when the rocking cam support 
member 25 is pushed and fixed by the push-pad 45 as shown in Fig. 10(A), 
if it is attempted to turn the control shaft 77 in the counterclockwise 
direction to turn and position the push moving positioning member 79, the 
push moving positioning member 79 is in abutment against the base end of 
the rocking cam support member 25 and therefore cannot turn. 
[0082] Therefore, the stopper arm 83 integrally provided on the 
control shaft 77 relatively turns and separates from the stopper 81 of the 
push moving positioning member 79, and energy-storing of the resilient 
member 85 is carried out. If the pushed and fixed state of the rocking cam 
support member 25 by the push-pad 45 is released, the push moving 
positioning member 79 is turned in the counterclockwise direction in Fig. 
10(A) by the energy- storing force of the resilient member 85, and the 
rocking cam support member 25 is moved leftward and positioned. 
[0083] That is, with this configuration, the control shaft 77 can be 
rotated and positioned at the time of the opening operation of the opening 
and closing valve 5, the rocking cam support member 25 can be moved 
swiftly, and the responding speeds of the adjustments of the valve lift and 
the valve timing of the opening and closing valve 5 can be enhanced. 
[0084] Figs. 1 1(A), (B) and (C)- show a modification of the above 
configuration. In the modification, a push moving positioning member 87 



which is relatively rotatably supported by the control shaft 77 
iftekide includes, at its tip end, a long hole 87H which is long in the 
longitudinal direction. The rocking cam support member 25 includes, at its 
base end, a connection pin 89 which is inserted into and engaged with the 
long hole 87H. 

[0085] The stopper arm 83 which is integrally provided on the control 
shaft 77 passes through a position inside a stopper 87S of the push moving 
positioning member 87 and can relatively turn in the clockwise direction 
and the counterclockwise direction. Both ends 85A and 85B of the resilient 
member 85 such as a torsion spring mounted on the control shaft 77 
sandwich the stopper 87S and the stopper 83 A of the stopper arm 83 from 
both sides. 

[0086] Therefore, if the control shaft 77 is turned in the 
counterclockwise direction relative to the push moving positioning member 
87, the end 85B of the resilient member 85 is pushed by the stopper 83 A of 
the stopper arm 83 as shown in Fig. 1 1(B), and the energy is stored such 
that the push moving positioning member 87 is turned in the 
counterclockwise direction. 

[0087] On the contrary, if the control shaft 77 is relatively turned in 
the clockwise direction, the end 85 A of the resilient member 85 is turned in 
the clockwise direction by the stopper arm 83 as shown in Fig. 11(C), and 
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the energy is stored such that the push moving positioning member 87 is 
turned in the clockwise direction. 

[0088] As can be understood from the above explanation, in this 
embodiment, when the rocking cam support member 25 is fixed, the 
control shaft 77 can be turned and positioned and the biasing force can be 
stored in the resilient member 85, and the responding speeds of the 
adjustments of the valve lift and the valve timing of the opening and 
closing valve 5 can be enhanced. 

[0089] Figs. 12(A) and (B) show an embodiment in which the rocking 
cam support member 25 includes an energy-storing mechanism in which 
the rocking cam support member 25 is fixed, and when the control shaft 77 
is turned, energy is stored for moving the rocking cam support member 25. 
[0090] Fig. 12(A) shows a configuration in which a cup 25B provided 
on an end member 25E is slidably fitted into a cup 25 A provided on an end 
of the rocking cam support member 25, and a resilient member 91 such as a 
coil spring is resiliently provided in the cups 25A and 25B. 
[0091] With this configuration, when the rocking cam support 
member 25 is fixed, if the push moving positioning member 79 is turned in 
the counterclockwise direction, the resilient member 91 is compressed, and 
the biasing force for moving the rocking cam support member 25 leftward 
is stored. 
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[0092] Fig. 12(B) shows a configuration in which resilient members 
93A and 93B such as coil springs are biased in opposite directions from 
each other, and the resilient members 93 A and 93B are opposed to each 
other between a flange 25F provided on an end of the rocking cam support 
member 25 and the cup 25B of the end member 25E. 
[0093] With this configuration, when the rocking cam support 
member 25 is fixed, if the push moving positioning member 79 is turned in 
the clockwise direction, the resilient member 93 A is compressed and the 
biasing force for moving the rocking cam support member 25 rightward is 
storedT-aft d. Moreover, if the push moving positioning member 79 is turned 
in the counterclockwise direction on the contrary, the resilient member 93B 
is compressed and the biasing force for moving the rocking cam support 
member 25 leftward is stored. 

[0094] Therefore, with this configuration, the rocking cam support 
member 25 can be moved swiftly, and the responding speeds of the 
adjustments of the valve lift and the valve timing of the opening and 
closing valve 5 can be enhanced. 

[0095] Figs. 13(A), (B) and (C) show a configuration for turning the 
control shaft 77. In Fig. 13(A), a manual wire 101 such as an accelerator 
wire is wound around a pulley 95 provided on an end of the control shaft 
77 and a pulley 99 turned and operated by an accelerator pedal 97. Thus, 
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by operating the accelerator pedal 97, the control shaft 77 is turned. 
[0096] Fig. 13(B) shows an example in which the pulley 95 is turned 
by an actuator 103 such as a servomotor. Fig. 13(C) shows a configuration 
in which the control shaft 77 includes a lever 105 at its end, the lever 105 
includes resilient members 107A and 107B such as springs at its both ends, 
and the lever 105 is biased at a neutral position in the configuration shown 
in Fig. 13(B). 

[0097] Therefore, with this configuration, when a trouble such as a 
disconnection occurs and the control shaft 77 cannot be turned by the 
actuator 103, the control shaft 77 can be held at the neutral position by the 
effects of the resilient members 107A and 107B, thereby securing safety. 
[0098] Fig. 14 shows a fifth embodiment. Like reference signs 
denote constituent elements having the same functions as those of the 
above embodiments, and redundant explanation will be omitted. 
[0099] A variable valve operating device of the fifth embodiment is 
mounted on a cylinder head of an engine. The cylinder head includes a 
rocking cam 121 which is rocked by the cams 21 provided on the cam shaft 
1 9 that transmits rotation of an engine crank. 

[0100] The rocking cam 121 includes a cam contact surface 123 
which is always in contact with the cam 21, and a lifter contact surface 125 
which is always in contact with an upper surface of the lifter 1 1 . The cam 
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contact surface 123 and the lifter contact surface 125 are formed with cam 
profiles for obtaining desired characteristics when the rocking cam 121 
rocks. 

[0101] A rocking cam support member 127 is rotatably supported on 
both sides of a linear actuator 129 until the rocking cam 121 abuts against a 
stopper at a predetermined angle. The rocking cam support member 127 is 
movably provided in a parallel space 139 formed between a movable 
element 131 which is provided in a linear actuator base housing 137 
through a roller such that the movable element 131 can reciprocate and a 
fixed portion 133 which is integrally provided on the linear actuator 129. 
The rocking cam support member 127 has a sprag shape as shown in Fig. 
15. 

[0102] In Fig. 15, the movable element 131 is integrally formed with 
a lever 155 which abuts against the rocking cam support member 127. 
[0103] The linear actuator 129 is a rocking position changing unit that 
moves the rocking cam support member 127 to change the rocking position 
of the rocking cam 121. If the linear actuator 129 is energized, the lever 
155 connected to the movable element 131 pushes out the rocking cam 
support member 127, changes its position and stops at an arbitrary position. 
A rocking motion of the rocking cam 1 2 1 is started by a rocking motion of 
the cam 21, but since the rocking cam support member 127 is fixed in 



position by the lever 155, the rocking cam 121 assumes a predetermined 
angle, the rocking cam 121 and the rocking cam support member 127 are 
integrally combined with each other, and a sprag which receives a lateral 
load generated in the rocking cam 121 and turns in the clockwise direction 
is sandwiched between upper and lower walls of the parallel space 139 and 
is brought into a locked state. 

[0104] After the sprag is locked, the rotatable rocking cam 121 
transmits a rocking motion along a rocking characteristic of the cam 21 to 
the lifter 1 1 , and opens the valve. 

[0105] If the sprag is brought into the locked state, even if the 
energization (supply of electric power) of the linear actuator 129 is stopped, 
the wedge effect of the sprag maintains the locked state. If the rocking 
motion (valve opening motion) of the rocking cam 121 is completed, the 
lateral load applied to the sprag disappears, and the movable element 131 
supported by the roller can rotate the sprag in the counterclockwise 
direction to release the locked state without receiving the influence of 
friction. 
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ABSTRACT 

To provide aA variable valve operating device is provided that can 
swiftly adjust a valve timing of an engine , the variable valve operating 
device and is for adjusting a valve lift and the valve timing of the engine. 
The variable valve operating device includes a rocking cam 27 which is 
rocked by cams 21 provided on a rotatable cam shaft 19 , a rocking cam 
support membe r 25 that rockably supports the rocking cam 27 , a valve & 
which is opened and closed by a rocking motion of the rocking cam 27 , a 
rocking position changing unit 35 that moves the rocking cam support 
member 25 to change a lever ratio of the rocking cam 27 and that changes a 
rocking position of the rocking cam 27 , and a lock unit 31 that can fix the 
rocking cam support member 2$ so as not to move during a valve-opening 
period of the valve-4. The lock unit 31 includes a support base 23 that 
movably supports the rocking cam support member-25, and a push-link 43- 
which is rocked by an actuator-39. When a tip end of the push-link 43 
abuts against the rocking cam support member-2£, the push-link 43 pushes 
the rocking cam support member 2$ toward the support base-23-. 



